nerve firings occur at well determined times in each cycle. It appears that baroreceptor functioning is based predorninantly on a deterministic process and much of the apparent randomness of baroreceptor firing patterns is due to the cycle-to-cycle variations in blood pressure.
METHODS
Data was collected from 14 cats. After an initial dose of either pentobarbital sodium (Diabutal, 40 mg/kg, ip) or ether, a femoral vein was catheterized for subsequent intra.venous doses of pentobarbital sodium or chloralose. The trachea was cannulated low in the neck, and the lungs were ventilated with a Harvard Apparatus respirator at a high rate and low volume to produce a slight overventilation.
The hyperventilation kept the animals from fighting the pump, and eliminated the relatively large pressure fluctuations associated with spontaneous respiration.
Baroreceptor recordings were taken from either 1) the common carotid nerve (1) which innervates the common carotid artery in the region of the superior thyroid artery, about 2 cm caudal to the carotid sinus, or 2) a branch of the aortic nerve (1) innervating the common carotid artery approximately 2 cm caudal to the thyrocarotid junction.
The nerve chosen for a particular experiment was cleaned, cut, and carefully teased apart so that single-fiber preparations could be obtained. into the common carotid artery from below the innervated area and tied so that the tip of the catheter was about 1.5 cm below the innervation. A blind-sac preparation was obtained by tying off the ramus muscularis and the superior thyroid arteries. Catheters were inserted into the contralateral common carotid artery so that it was possible to periodically bathe the innervated segment of artery in fresh blood, as shown in Fig. 1 . Ordinary saline was used in the perfusion syringe. Since blood was trapped in the innervated segment when the perfusion system was connected, and since the blind sac did not leak, the saline did not come into contact with the studied baroreceptor area. was A7 msec. A 10th firing occurred only in some of the cycles, and these impulses showed considerably more uncertainty in their firing times than did any of the preceding ones. In order to obtain a more detailed description of the nerve firing times, a digital computer was used to generate histograms giving the total number of nerve firings which occurred in each successive 1-msec time interval following the synchronization pulse that marked the beginning of each pressure cycle. Figure 3 shows such a histogram which was generated from 35 successive cycles of the data used for obtaining Fig. 2 . The synchronizing pulse was again triggered by the positive derivative of the pressure pulse. The upper half of the figure shows averaged pressure and incidence of nerve firing for the complete pressure pulse, the lower half shows the same data with a threefold expansion of the time scale. The first nine impulses occurred in each of the 35 pressure cycles, while a 10th impulse occurred in only 26 of these cycles. All the results obtained by using natural pressure waves at physiologic levels were similar in that each nerve firing (with the exception of the last one) in succeeding cardiac cycles occurred within well-defined and nonoverlapping intervals of time. ever, when the derivative of the QRS complex of the electrocardiogram was used to provide the synchronization, the fluctuation increased to 12 msec (shown in the lower right section of the figure). The illustrations indicate that ECG synchronization causes an increased fluctuation due to the variability in the time between the occurrence of the QRS spike and the arrival of the pressure pulse at the innervated segment of artery. Reproducibility of nerve firing was also observed when the baroreceptor area was subjected to certain artificially generated periodic pressure waveforms. Figure  5 illustrates a case in which the perfusion pressure was a square wave with a period of 5 sec. The figure shows the superimposed initial portions of three square waves and the associated repetitive firing pattern of the baroreceptor nerve. Such a reproducibility of firing patterns was only evident when the baroreceptor activity stopped during those half periods when the pressure was at its lower level. When the baroreceptor was firing before the sudden rise of the pressure wave, there was a marked decrease in the consistency with which the nerve fired following the pressure rise. This is illustrated in Fig. 6 , which shows the firing of the same nerve that was shown in Fig. 5 , but for a case where the repetition rate of the square wave was sufficiently slow so that the baroreceptor was able to resume firing during the low-level portion of the pressure cycle. Nerve firing was usually absent in late diastole when natural pulsatile pressure was stimulating the baroreceptor.
The sudden pressure rise in each cycle, on the order of 500-1,000 mm Hg/sec in both the natural pressure pulse and in the square-wave perfusions, is instrumental in the generation of the reproducible firing patterns. When the pressure was raised slowly, baroreceptor firings no longer appeared reproducible from one cycle to the next. Such a case is illustrated in Fig. 7 , which shows the firing pattern of the same nerve when the perfusion pressure was sinusoidal with a maximum rate of change of 50 mm Hg/sec. Although the nerve stopped firing during the KATONA ET AL.
falling portion of the pressure wave, the firing pattern varied from one cycle to the next.
When the innervated segment of artery was perfused at constant pressures above threshold and below 250 mm Hg, the nerve firing was approximately uniform after adapting to the pressure level. Figure 8 shows The baroreceptor is perfused with constant levels of pressure.
The continuous curve is drawn to give a best visual fit to the experimentally obtained points.
with a corresponding increase in the standard deviation to ho.80 msec. The standard deviation of the pressure at these two levels was &O-52 mm Hg and ~0.54 mm Hg respectively;
it was approximately the same at all the pressure levels. The recording system introduced noise into the pressure recording that was equivalent to &Ll to &O. 18 mm Hg.
DXSCUSSION

Reproducibility
of firing pattern for a periodic pressure input was evident when a) there was a s udden pressure increase within each cycle, and b) the nerve was not firing prior to the pressure rise. Thus the sudden systolic rise in the natural pressure waveform synchronized the impulses for the entire cycle if the nerve ceased to fire during late diastole, and a stepwise increase in squarewave perfusion pressure synchronized the firing if there was no baroreceptor activity while the pressure was at its lower level. These results may be explained on the basis of a probable mechanism of action-potential generation.
Baroreceptors convey information about blood pressure by responding to the stretch of the arterial wall within which they are located (9). This finding, indicating that these nerves are stretch receptors, is supported by the resemblence of the properties of baroreceptors (8) to those of the muscle spindle (7). Within their physiological operating range, both of these receptors respond to a steadystretch with a steady discharge which increases in frequency as the stretch is increased, and both receptors show a strong sensitivity to the rate of change of the stimulus. In the following discussion the basic mechanism for generating action potentials is assumed to be similar in these two receptors. In particular, it is assumed that the membrane potential of baroreceptors is a function of the degree of arterial stretch, and that the receptor fires whenever the membrane potential reaches a threshold. If the pressure rise at the beginning of each cycle is relatively slow, any slight variations in the pressure and the slowly rising membrane potential may result in a considerable fluctuation in the time at which the potential reaches threshold, and thus when the first firing occurs. When neural firing does not stop toward the end of a pressure cycle, synchronization of the first firing does not take place since the membrane potential may be anywhere in its depolarization-repolarization cycle when the pressure rise occurs. If, however, baroreceptor firing stops before the end of the pressure cycle, the nerve membrane is polarized to similar subthreshold levels at the end of each cycle, and a following sudden rise in pressure and membrane potential assures that the first firing occurs at approximately the same time in each cycle. If the pressure waveform is periodic, synchronization of the first firings causes the complete firing pattern to be reproducible from one cycle to the next. The reproducibility with which baroreceptors respond to identical stimuli has not been previously documented; it may have been overlooked for the following two reasons. The first reason is that cycle-to-cycle reproducibility is more evident when the positive derivative of the pressure, rather than the ECG, is used to generate the pulse serving as the time reference in each pressure cycle. 
